The spin-lattice relaxation in CdMnTe at 4.7 K has been measured at high magnetic fields up to 24.5 T. At fields, where the ground state of nearest--neighbor exchange coupled Mn pairs changes due to energy 1eve1 crossing, an increase in the relaxation rate is observed. This is attributed to the change of relaxation of nearest-neighbor Mn pairs. It proves that not only 1arge size Mn clusters are involved in the relaxation as it has been shown previously, but also Mn pairs. It shows as well that the mixing of pair states is quite effective.
For the first time spin-lattice relaxation (SLR) of Mn pairs in the diluted magnetic semiconductor (DMS) CdMnTe has been observed. Our findings could directly bear on other recent works [1, 2] , concerning the width of the magnetization steps of DMS at high magnetic fields. The strongest interaction between two nearest-neighbor (n.n.) Mn ions in a DMS is the exchange interaction. The exchange Hamiltonian can be written in the Heisenberg form: Hint = -2JS1 • S2, where J is the n.n. exchange constant and S1 and 52 are the spin operators of two n.n. spins. Taking into account only Zeeman and exchange interactions, and neglecting all other interactions, the eigenenergies of the Mn pair at external magnetic field B are given by where the second term gives the energy of the multiplets with total spin ST and magnetic quantum numbers MS. The first term describes the Zeeman splitting. The energy level scheme of these pairs is shown in the upper part of Fig. 1 (calculated for J/kB = -6.5 K).
We studied the SLR in Cd0.99Mn0.01Te at 4.7 K as a function of the external magnetic field up to fields of 24.5 T using a novel technique [3] . Very short, nonresonant radiation pulses are applied on the sample. Weakly absorbed by the lattice, they are heating the lattice only. Consequently, the spin system warms up to recover the thermal equilibrium. The SLR is observed with a pick-up coil, oriented with its axis parallel to the external field [4] . The SLR rates of Cd0.99Mn0.01Te measured in this way are shown in Fig. 1 .
The SLR rate increases nonmonotonically with increasing field. The observed rates can be explained, especially at low fields, in terms of cross relaxation between single spins and fast relaxing spin clusters, and relaxation in these clusters [5] . Especially large size clusters consisting of three or more Mn ions, which could be n.n. or further nearest-neighbors, are important as fast relaxing centers. In this paper we want to focus on the local increases of the SLR rate at fields of 9.5 T and 19 T. At the same field values steps in the magnetization were observed in static magnetization measurements [6] [7] [8] . At these fields the ground state of nearest-neighbor pairs changes due to energy level crossing. Since we observe a local increase of the SŁR rate, one can conclude that at these fields, where the pair ground state changes, some relaxation processes and mechanisms are more effective than at other field values, or are even only there allowed. For example, at 9.5 T the Zeeman energy equals the energy separation between the ground states and the two excited states (see Fig. 1 ): consequently, cross relaxation to the single spins will be more effective at this field and not at other fields (resonance condition). Furthermore, the density of states of the ground state is much larger at the crossing point than at neighboring field values. Therefore, at the crossing points more pairs could participate at the relaxation of the sample magnetization.
The contribution of pairs to the SLR rate is at least in the order of 10 5 s-1 t o 106 s-1 at 9.5 T and 19 T respectively, which is about 10% of the total relaxation rate at each field. On the other hand, this means that no more than 90% of the relaxation is due to other relaxation channels like cross relaxation to large size clusters or single spin relaxation at high fields as discussed in Refs. [3, 5, 9] . The relaxation rates observed by us are much faster than observed under phonon bottleneck condition at lower temperatures for other DMS, namely CdMnS and ZnMnS [2] . But particularly the relaxation of n.n. pairs is much faster than expected by Y. Shapira et al. for CdMnS and ZnMnS [1] . In these materials the magnetization steps are much narrower in pulsed fields than expected from thermal broadening. Therefore, the authors of Ref. [1] expect a pair SLR rate smaller than 2 x 10 3 s-1 . V. Bindilatti et al. show [2] that these magnetization measurements are limited by a phonon bottleneck. However, in our technique based on heating the lattice by radiation pulses, phonons are provided, thus, the phonon system is slightly heated. The spin system relaxes by absorption of phonons and not by emission of phonons (as in usual relaxation experiments), until the spin system temperature reaches the phonon temperature. Therefore, the observed relaxation could not be limited by a small phonon density of states (small heat capacity of the phonons) as in the case of a phonon bottleneck [14] .
The relaxation of pairs was only observed at temperatures T ≤ 4.7 K. At higher temperatures (T = 6 K) the SLR rates are larger and no pair effect is observed. At lower temperatures the increases are more pronounced. This is partially due to the larger population of the pair ground state at lower temperatures. Moreover, the maximum at 9.5 T is additionally more pronounced at low temperatures, since at fields around 11 T the direct relaxation process is suppressed, resulting in a total relaxation rate smaller than at neighboring fields (see Ref. [9] ). It is remarkable that we see local increases in the SLR rate at temperatures higher than those temperatures at which usually the magnetization steps have been observed (0.5 K and 1.3 K in Ref. [8] and 2 K in Ref. [6] ). This is not necessarily a contradiction, since we observe a change of the dynamic behavior of the spin system. On the other hand, the steps in magnetization are due to a change of a static property of the spin system, namely the magnetization.
The largest contribution to the interaction Hamiltonian between nearest--neighbor Mn pairs comes from the isotropic exchange interaction Hint = -2JS1 • S2. The modulation of this interaction by lattice vibrations cannot lead to effective relaxation between pair states, which are eigenstates of the exchange Hamiltonian. Relaxation transitions are only possible as second-order effect, taking into account mixing of the states by anisotropic exchange [10, 11] or by hyperfine interaction [12, 13] . Therefore, we conclude that the Mn pair states cannot be pure pair states, but they have to contain some admixtures of other states due to the mentioned interactions. In the literature also different intra-pair interactions like the Dzyaloshinski-Moriya interaction D • S1 x 52 are considered [1, 13] , providing other relaxation mechanisms.
